Introduction: Breakthrough pain (BTP) has great repercussions on the quality of life, and on the use of health resources. The scope of BTP costs in cancer patients is unknown. The purpose of this study was to evaluate the economic cost of BTP in patients with cancer and the relationship with their quality of life. Methods: A 1-month observational prospective cost-of-illness study was designed. The patients recorded the consumption of health resources
and drugs related to BTP in a diary. The current symptoms in Edmonton Symptoms Assessment Scale (ESAS) and their quality of life (EORTC QLQ-C30, version 3) were assessed. The direct medical and non-medical costs fixed and variable and the indirect costs of the patient and the caregivers were evaluated. Factors related to cost and quality of life were identified using linear generalized models (LGM) type gamma and logistic link. Participants were oncologic patients with BTP, older than 18 years, with controlled basal pain. Results: Eight Spanish pain units, eight palliative care units, and one oncology department included 152 patients. One hundred patients (65.8%) were male and the mean age was 66.8 years (95% CI 64. 8-68.8) . The total cost per patient was 2941.60 euros per month: 88% direct medical costs, 5% non-medical direct costs, and 7% indirect costs due to lost productivity. A better score in EORTC QLQ-30 quality of life was associated with a reduction in overall costs. Conclusions: The study showed the results of the first real-life prospective study evaluating the cost of illness of BTP in cancer patients demonstrating that the presence of breakthrough pain in a cancer patient causes a very significant increase in healthcare costs. Funding: Kyowa Kirin Farmacéutica, S.L.U.
INTRODUCTION
Breakthrough pain (BTP) is defined as a ''transient exacerbation of pain that occurs either spontaneously, or in relation to a specific predictable or unpredictable trigger, despite relatively stable and adequately controlled background pain'' [1] . It is characterized by reaching the peak of pain within the first 5 min, it is of severe intensity and short duration, usually less than 60 min, and it occurs 3-5 times a day [2] [3] [4] . The formal description of BTP was not established until 1990, so it is a very recent nosological term [4] . Recognition of this clinical entity was included in a consensus document between the Spanish Societies of Medical Oncology, Palliative Care and Pain in 2002, and by the Association for Palliative Medicine of Great Britain in 2009 [1, 5] .
A prevalence of BTP of up to 66% has been observed in cancer patients. BTP is more common in patients with low performance status, advanced stages of disease, and when weightbearing bones and nerve plexuses are affected, and it has been confirmed that the occurrence of BTP is associated with poor prognosis [2, 6, 7] .
BTP has a very significant impact on the quality of life of patients, and it is also characterized by being associated with a high use of healthcare resources [8, 9] .
Because of the large etiological diversity of BTP, its treatment must have a multiple approach with drugs, especially opioids, being an essential part for the success of treatment. Sufficient studies have not been performed describing routine clinical practice in this type of patients, and this limitation prevents adequate evaluation of the added value of new treatments and their impact on costs. However, it is known that up to 77% of patients are not adequately diagnosed or treated [5] .
The lack of knowledge about current costs and the results of treatment of BTP could convey the idea that it is not a priority in currentday medicine. Development of knowledge in this area is therefore essential for correct planning of healthcare systems, especially considering the relevance of cancer in our current society.
To resolve this limitation, more information about real-life clinical practice for the management of patients with BTP, and their results in terms of quality of life and costs are needed.
The aim of this study was to measure the economic impact of breakthrough pain in cancer patients in a prospective follow-up. Both fixed and variable direct medical and nonmedical costs and indirect costs of the patient and caregivers were evaluated, following the economic model of breakthrough pain proposed by Abernethy et al. [10] .
METHODS

Study Design and Ethical Standards
An observational study with 1 month follow-up of patients was designed. The study visits were adapted to routine clinical practice, scheduling an initial visit and phone contacts or visits on days 1, 3, 5, and 7, and a visit at 1 month from patient selection. Patients were provided with a diary to collect data on consumption of drugs and healthcare resources. The patients were included between April 2015 and March 2016.
The study was approved by the Clinical Research Ethics Committee of Hospital Universitario de La Princesa de Madrid (Spain) with code number 2488. All patients received information about the study and agreed to participate by signing the informed consent form. All procedures performed in the study were in accordance with the ethical standards of the institutional and national research committee and with the 1964 Helsinki Declaration and its later amendments. Informed consent was obtained from all individual participants included in the study.
Patients were included in 17 centers from 16 Spanish provinces. The study was completed in eight pain units, eight palliative care units, and one oncology department.
Selection Criteria
Patient screening was performed on a consecutive random basis, selecting the first ten patients visiting the clinic and who met the selection criteria. The information sources were the clinical history and the data collected on each visit.
Patients of any race and gender were included in the study if they were over 18 years of age with a diagnosis of BTP and controlled background pain with oncological baseline disease and ambulatory when selected for the study who agreed to participate. Patients were excluded if they had cognitive impairment, were severely affected by their underlying disease or were uncooperative, or unable to complete unaided or aided the data necessary for the study.
BTP was defined according to the criteria of Portenoy et al. as the presence of persistent background pain lasting 12 or more hours per day during the week before the evaluation or which would exist if treatment were not taken, which is adequately controlled, i.e., there is no or mild pain with a pain intensity score on the visual analogue scale of 4 or less points, and which exhibits transient exacerbations of pain [4] .
Sociodemographic and Clinical Variables
The variables recorded were date of birth, gender, weight, height at the time of the visit, socioeconomic level (low: incomes less than two-thirds of the mean salary, 15,000 euros; middle: incomes between two-thirds and twice the mean salary, [ 15,000 euros and \ 45,000 euros; or high: incomes higher than twice the mean salary, [ 45,000 euros), and performance status of the patient measured by the Karnofsky Performance Status [11] . Information was collected on the patient's clinical history and the type of tumor and date of diagnosis.
Information collected about the main characteristics of BTP are described in Table 1 .
Clinical Assessment
Patients were asked to complete four questionnaires on the baseline visit and at the end of the month of follow-up: 1. Assessment of pain intensity at the time of the visit using a 10-cm visual analogue scale (VAS), where 0 indicated no pain and 10 the maximum pain. 2. The Edmonton Symptoms Assessment Scale (ESAS) was used to evaluate other associated symptoms in the past week ( (Table 3) . A higher score represents a higher level of functioning and quality of life on the functional scales [14, 15] . At the end of the follow-up period, patients were asked about their satisfaction with treatment of pain on a 10-point visual analogue scale, where 0 meant ''not at all satisfied'' and 10 ''completely satisfied''. The patients were satisfied with the treatment if the score was C 5 points.
Patient Diary
Patients completed a diary for the 30 days of follow-up in which they recorded the number of visits and hospital admissions, and the consumption of non-healthcare resources and treatments due to or related to breakthrough pain. The doctors confirmed the data recorded by the patients in the diary and transcribed them to the study case report form.
Treatment
The selected patients received medical treatment and care for their clinical condition and 
Recording of BTP Costs
The cost study was performed by measuring direct medical costs (hospital and drug costs), direct nonmedical costs, and indirect costs (Table 4) . Medical costs were associated with resource consumption and were calculated by multiplying the number of resources used by unit cost. Unit costs of healthcare resources, diagnostic tests and treatments were obtained by taking the average value of the prices obtained in the official bulletins of public prices and tariffs of the Autonomous Communities of Andalusia, Castile and Leon, Catalonia, Galicia, Madrid and Basque Country, and the Oblikue health care cost database [16] . Information was collected on the treatments administered for BTP, their trade names, doses, and daily dosing frequency and the duration of the treatments, to calculate the total number of doses per patient. Unit costs of the treatments were obtained from the BOTPLUS 2.0 database [17] .
Direct nonmedical costs included non-protocolized care or time used by relatives or caregivers to care for the patient in the hospital or their home. Non-protocolized care was defined as unpaid care provided by non-professional persons to help patients with limitations in their autonomy in their daily activities. The cost substitution method based on the average salary was used. The approach used to assess care hours was the proxy method, which calculates time as a result. This method assigns the sum of the care performed by the non-professional caregiver (13.14€ per hour), considering that if he/she had not provided these services, his/her functions would have been performed by a professional caregiver [18, 19] .
Indirect costs were defined as the value of the loss of productivity derived from breakthrough pain in the patient and the cost derived from impact on the patient's caregivers. The caregiver is the person from the patient's family or immediate surroundings who dedicates part of their time to care for the patient. Their cost was measured in terms of loss of work productivity if work leave is received and by the time dedicated. The cost of each day of work leave was obtained from the Quarterly Labour Cost Survey. The per hour of informal caregiver care was also obtained from this survey in section o) other social activities and services provided to the community; personal services [20] .
Statistical Analysis
A descriptive analysis was completed of the variables included in the study using standard descriptive statistics. Comparisons between qualitative variables were made using Fisher's test or Chi-square test. Student's t test was used to compare independent groups in the case of quantitative variables. The statistical significance level was set as 0.05. SPSS version 23.0 statistical package was used for the analysis.
The results of the cost study were presented as cost per patient and broken down by different components. Because the costs did not follow a normal distribution, nonparametric tests were applied to compare costs between different In the analysis of resource utilization, rates adjusted to 30 days of follow-up were calculated per patient. As a final point, a multivariate analysis was performed to identify factors related to cost and quality of life, and baseline characteristics of the patients that could be associated independently with an increase or decrease in these factors. For this purpose, generalized linear models (GLM) were used, a generalization of least-squares linear regression that allows the response variable to follow non-normal distributions [21] . The GLM family was selected by the AIC statistic using the R statistical package. Thus, multivariate analyses were carried out with GLM in which total cost was included as the dependent variable, using sociodemographic and clinical information (gender, age, initial QoL, QoL increase, main drug, type of onset of BTP) as co- variables. The values of the dependent variable, total cost, were log-transformed to adjust them to the models. Sample size was calculated based on one study on patients with breast cancer where the monthly costs on the metastatic cancer was 1489 euros. For a standard deviation of 250 euros and a 95% confidence interval and a precision of 41.68 euros, it was estimated that a sample of 140 patients yield a power of 80% [22] .
RESULTS
A total of 152 patients were included in the study, of which 140 proved valid for the economic analysis. Each center included an average of nine patients (95% CI 7-11). Mean follow-up was 28.9 days (CI 95% 27.9-30), with a median of 30 days, a minimum of 1 and maximum of 47 days. A total of 137 patients (90.1%) completed the 30 days of study follow-up. Follow-up was interrupted by medical decision in two cases (1.3%), and in two more cases the patient decided not to continue in the study (1.3%). Four patients (2.6%) were lost to follow-up and six patients died during the study (3.9%).
Sociodemographic Data and Medical History
One hundred patients (65.8%) were men and 52 were women (34.3%), with a mean age of 66.8 years (95% CI 64.8-68.8), with no differences between genders (0.39). The socioeconomic level was middle in 106 (71.6%), followed by low in 27 (18.2%), and high in 15 (10.1%) patients, respectively.
There were no significant differences in body mass index (BMI) between men and women, which was 24.6 kg/m 2 (95% CI 23.9-25.2), with a median of 24.3 kg/m 2 . The tumor was in the gastrointestinal tract in 35 patients (23%), lung in 34 (22.4%), breast in 14 (9.2%), prostate gland in 8 (5.3%), and in other body locations in 61 cases (40.1%). At study entry, 63.8% of cancer patients (97 patients) had metastases.
The time from diagnosis of the tumor to the study visit was 2.4 years (95% CI 1.9-3), with a median of 1.2 years. This information could not be calculated in 18 patients as tumor diagnosis date was not available (11.8%).
The proportion of patients corresponding to each Karnofsky score was: 20, el 0.7% (1) (14); and 100, 0.7% (1).
Characteristics and Symptoms of BTP
A total of 69 patients (45.4%) presented their first BTP episode when they were included in the study. A higher proportion of male patients included in their first episode of BTP was observed (p \ 0.0001). The mean number of episodes of BTP per day was 3.1 (95% CI 2.8-3.4), with a median of three episodes. The mean duration of BTP was 30.6 min (95% CI 24.8-36.4), with a median of 20 min. Table 1 summarizes the characteristics of BTP by gender. Significant differences were only observed in the proportion of patients with unbearable pain, which was larger in women (p = 0.007).
Pain intensity assessed by the VAS at the time of the visit was 4.67 points (95% CI 4.24-5.1), with a median of 5 points, and no differences between genders (p = 0.895). Table 2 shows the mean ESAS scores and the differences found between genders.
Brief Pain Inventory
The mean score on the pain intensity dimension of the Brief Pain Inventory was 4.9 points (95% CI 4.7-5.1), with a median of 4.8, minimum of 1.5, and maximum of 9.8. The mean score on the impact on daily living activities dimension of the Brief Pain Inventory was 6.1 points (95% CI 5.8-6.5), with a median of 6.3, minimum of 0, and maximum of 10.
EORTC QLQ-C30 Version 3 Questionnaire
Tables 3 lists the scores on the five functional and symptom scales of the quality of life questionnaire by gender, as well as the reference values for patients with any type of cancer and ages from 60 to 69 years [23] .
Patient Satisfaction
One hundred and nineteen patients (88.1%) were satisfied with the pain treatment they were receiving, with a mean score of 7.7 points (95% CI 7.4-8.1), and median score of 8 points. This information was not recorded in 17 patients (11.2%) due to withdrawal or death (14 patients) and three did not complete the VAS.
Analysis of Breakthrough Pain Costs
Although information was collected from 152 patients in the study, the total number of patients used to perform the economic analysis was 140, since 12 cases were excluded: In four cases, the patients were hospitalized during the follow-up period and in the other eight patients no data were collected about resource utilization.
The descriptive analysis of resource consumption is presented in Table 4 . It is presented as the cost adjusted to 30 days of follow-up and broken down into different components. A total cost per patient of 2941.60 euros was observed, with 2572.50 euros for direct medical costs, which accounted for 88% of the cost per patient, 168.50 euros for direct nonmedical costs (5%), and 200.70 euros for indirect costs due to loss of productivity (7%).
In the GLM analysis of the total cost per patient adjusted by the co-variables, no significant differences were observed in demographic factors (age, gender). However, it was observed that the better the overall score on quality of life, the lower was the cost of treatment of BTP in the patient (Table 5 ).
DISCUSSION
The results of the study show that the cost of breakthrough pain in cancer patients is very high, reaching 2.941,60 euros/month, and with an annual cost per patient of 35,299.20 euros, assuming the distribution of annual costs is proportional. Direct medical costs account for 88% of the cost of BTP, direct nonmedical costs for 5%, and indirect costs due to loss of productivity for 7%.
In our study, it was observed that drug costs of BTP represented 17% of the total costs, and 19% of direct medical costs. The weight of hospital admissions in the management of patients with BTP, which is determined by baseline disease, is especially notable, though it was not possible to differentiate if admission was due to breakthrough pain. It was also observed that patient work leaves had little weight on costs, since patients could be in a situation of disability leave or retirement. It has been shown that improved symptom control not only improves quality of life but also reduces overall cost, thus justifying treatment and its cost [23, 24] . In our study, it was observed that for each 10 points of improvement in initial quality of life the odds ratio was 0.83, which meant that the cost was 17% less. It was also observed that for each 10 points of improvement in quality of life during the month of follow-up, the odds ratio was 0.91, and therefore the reduction in cost was 9% (Table 5) . Few pharmacoeconomic studies have been conducted on the cost of BTP [10, 25, 26] . We did not find any study in the current literature evaluating the costs prospectively in real patients and considering direct and indirect costs of treatment of BTP, with which to compare the results of our study. The study of Taylor et al. was conducted in non-cancer patients and only assessed the impact of BTP on quality of life [27] . In the study published by Fortner in 2003, it was observed in a sample of 373 patients that 23% (33) had BTP, that patients with BTP had higher monthly direct costs related to pain ($1080) compared to patients without BTP ($750), and that indirect costs were also higher ($88 vs. $53) [8] .
The study by Fortner et al. in 2002 collected information from a sample of 160 cancer patients who were receiving standard care for control of chronic pain and who had BTP, and 89 cancer patients without BTP. It was a telephone survey performed directly to the patients, in which patients were asked about their consumption of resources and treatments during the previous year. The estimated cost per patient in this study was $12,000/year in patients with BTP and $2.400/years in patients without BTP, i.e., the annual cost was five times higher in cancer patients with BTP. This supports the idea that the presence of BTP in a cancer patient leads to a very significant increase in their healthcare costs. Comparing to the data from our study, resource consumption was nearly three times higher than that recorded in the study of Fortner. The proportion of the cost corresponding to hospital admissions was 81% of total costs; however, in our study it represented 35.5% of total costs [9] .
The results on the intensity of symptoms evaluated by the ESAS (Table 2) showed acceptable mean scores, the majority below 5 points, which means adequate control of the symptoms presented by cancer patients.
In the comparison of the results of the EORTC QLQ-C30 questionnaire in the study patients with reference values for cancer patients of the same age and with any type of cancer from a sample of 6709 patients, worse overall quality of life was found on all the functional scales and greater intensity on all the symptoms scales (Table 3) in the study patients. This greater impairment may or may not be attributable to the presence of breakthrough pain since no information is available from a control group without breakthrough pain.
One limitation in the interpretation of the data of this study was that the patients included in the study had different types of tumors and different stages of the disease and time of follow-up, which might have influenced both their quality of life and costs. Patients may have overestimated their consumption of resources and part of them may be attributed to their underlying cancer. Although the data were verified by the doctors so that the costs recorded were only attributable to BTP, in many cases the costs due to underlying disease or BTP could not be properly differentiated. Collection of data for only a month also limits extrapolation of the data to an annual period, but this design gave more viability to the project. Intangible costs produced by BTP were not assessed, although it is an assessment omitted in most pharmacoeconomic studies due to the difficulty of their measurement.
CONCLUSIONS
In this study, we evaluated the cost of the disease prospectively and using real-life data in a study designed specifically to perform this assessment. Future studies will be needed to evaluate the cost-effectiveness of the treatments for BTP and studies measuring the costs of the disease directly in non-cancer patients with BTP, to be able to deduce the cost attributable to BTP as an independent clinical entity. Our study reaffirms the need to adopt a proactive approach in the care of these patients since their quality of life can be improved, and it results in a reduction in the cost of their care.
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